Letter to the Editor

a-Purothionin, a new wheat allergen associ-
ated with severe allergy

To the Editor:

Since the first reports of IgE-mediated sensitization to wheat-
containing food,' wheat (Triticum aestivum) has been recognized
as an important source for food allergens in children and adults,
causing organ-specific manifestations in the gut, skin, and respi-
ratory tract, as well as severe systemic anaphylactic reactions.’

Here we report the molecular and immunologic characterization
of a new wheat food allergen, a-purothionin. Five IgE-reactive
cDNA clones (ie, clones 7, 12, 24, 30, and 84; Fig 1) coding for
C-terminal portions of a-purothionin (http://www.ncbi.nlm.nih.
gov/genbank/: gi|4007850) were isolated from a wheat seed
cDNA expression library3 by using serum IgE from a patient
who had experienced anaphylactic reactions on wheat ingestion
(patient 1, see Table El in this article’s Online Repository
at www.jacionline.org), suggesting that the C-terminus of the
allergen contains the major IgE epitopes. The allergen was des-
ignated by the World Health Organization—International Union
of Immunological Societies allergen standardization subcom-
mittee as Tri a 37.

The sequence identity of a-purothionins from wheat, rye, and
barley was high (ie, >80%), whereas a-purothionins from oat,
rice, and other plants showed a much lower sequence identity of
50% or less (Fig 1).

The calculated molecular weight of recombinant wheat
a-purothionin without leader peptide and an N-terminal methi-
onine is 12.7 kDa, and the calculated isoelectric pointis 6.27. Tria
37 contains a hydrophobic signal peptide, an approximately
5 kDa N-terminal thionin domain, and a C-terminal acidic
extension domain. a-Purothionin is a member of a new allergen
family belonging to the pathogenesis-related protein 13 family,
which has been shown to lyse membranes of attacking pathogens,
presumably by binding with its thionin domain to phospholipids
in the membranes of the palthogens.‘t’5

r'Tri a 37 was expressed in Escherichia coli as a His-tagged pro-
tein and purified to homogeneity. When we tested rTri a 37 for IgE
reactivity with sera from patients with wheat food allergy (n =
103) from different European countries in IgE dot blot experi-
ments, we obtained comparable percentages of positive sera in
the different populations (ie, Finland, 11%; Austria and Italy,
20%; and Greece, 23%). Only 3% (2/59) of patients with baker’s
asthma showed IgE reactivity to rTri a 37 (data not shown). Thus

IgE reactivity to rTri a 37 was highly specific for wheat food al-
lergy because patients with grass pollen allergy and nonallergic
subjects did not show IgE reactivity (Fig 2). In the tested popula-
tion of patients with wheat food allergy (n = 103), rTri a 37 was
specifically recognized by approximately 16% of the patients
with different intensities (Fig 2), whereas among the ones that
could be tested for IgE reactivity to omega-5-gliadin (n = 67),°
39% were positive.

A grading of symptoms and definition of anaphylaxis was
performed according to an international position paper and
recommendations for the definition of anaphylaxis in a blinded
manner (see Table E1).” Twenty-nine (28%) of 103 patients with
wheat food allergy had wheat-induced anaphylaxis. Nine (56%)
of the 16 patients with positive results for 1Tri a 37 and 20
(23%) of the 87 patients with wheat allergy without rTri a 37—spe-
cific IgE had wheat-induced anaphylaxis (P =.013). Estimate of
the relative risk by means of logistic regression indicated that the
risk of wheat-induced anaphylaxis is more than 4-fold higher in
the rTri a 37-reactive patients (odds ratio, 4.6; 95% CI, 1.5-
14.2). Although Tri a 37 is not a major wheat allergen, it might
be considered a potential diagnostic marker for severe anaphylac-
tic reactions to wheat in sensitized patients. No correlation be-
tween age and rTri a 37 reactivity or anaphylaxis was found
(data not shown). Among 26 patients with positive results for
omega-5-gliadin, 13 (50%) had anaphylaxis, whereas among pa-
tients with negative results for omega-5-gliadin, this percentage
was significantly (P = .018) lower (22%). The odds ratio was
3.6(95% CI, 1.2-10.7). There was a moderate correlation between
rTri a 37 and omega-5-gliadin (contingency coefficient, 0.3; P =
.01). Two of the sera that were negative with omega-5-gliadin
were positive with rTri a 37 (patients 1 and 11, see Table E1).

Wheat allergen—specific IgE levels were not always related
with wheat-induced anaphylaxis. For example, patients 11 and 12
experienced wheat-induced anaphylaxis but exhibited low wheat
allergen—specific IgE levels (<12 kilounits of antigen per liter).

When compared with wheat extract, Tri a 37 was able to induce
basophil degranulation, indicating its allergenic activity (see
Table E1).® Although the ability of Tri a 37 and wheat extract to
induce mediator release was lower than that observed with respi-
ratory allergens, it is possible that sensitized patients experience
strong anaphylactic reactions when large amounts of wheat are
ingested.9

Using Tri a 37-specific rabbit antibodies, we found that the
level of Tri a 37 expression was highest in mature wheat seeds
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FIG 1. Sequence identities (percentages) of wheat a-purothionin with homologous proteins in other plants.
Conserved cysteine residues are boxed; dashes represent gaps, and dots represent identical amino acids.
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FIG 2. IgE reactivity of patients with wheat food allergy (patients 1-16; A), patients with grass pollen allergy
(patients G1-G15; B), or nonallergic subjects (patients N1-N16; C) to rTri a 37 (a-purothionin) For control
purposes, serum from a nonallergic subject (N), buffer alone (B), or serum from a patient with «-purothionin
allergy (P; patient 2 in Table E1) were included. HSA, Human serum albumin.
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(see Fig El, B, in this article’s Online Repository at www.
jacionline.org; 15-18 kDa and higher molecular weight bands,
possibly dimers and trimers at approximately 35 and 50 kDa).
In mature wheat seeds (cultivar Grandios), natural a-purothionin
becomes detectable at 15 kDa, with additional bands at 25 and
35 kDa possibly representing dimers and trimers. Immunologic
cross-reactivity was only found for a-purothionins from rye
(monomeric form at 15 kDa) and barley (monomeric form at 14
kDa, see Fig E2 in this article’s Online Repository at www.
jacionline.org) but not from maize, oat, rice, rye, soy, spelt, and
sunflower (data not shown). Additionally, the allergen could be
detected in processed wheat products, such as rolls and breads
(20-50 kDa, see Fig E3 in this article’s Online Repository at
www.jacionline.org), indicating that it represents a highly stable
protein that can resist baking. Because Tri a 37 could not be de-
tected in gluten-free bread, the latter might be considered as an
alternative diet for Tri a 37-monosensitized patients, for whom
sensitization to other wheat allergens has been excluded.

In conclusion, Tri a 37 is a novel water- and salt-soluble wheat
food allergen that can be found in the albumin/globulin fraction. It
belongs to a new family of pathogenesis-related proteins not yet
described to be involved in plant food allergy. Similar to certain
other food allergens used as markers for anaphylaxis (eg, Cor a
8),'° rTri a 37 was frequently recognized by patients with severe
anaphylactic reactions to wheat. Therefore in sensitized patients
Tri a 37 might represent a diagnostic marker for an increased
risk of wheat-induced anaphylaxis.
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FIG E1. Accumulation of Tri a 37 in wheat seeds during maturation. Wheat extracts from wheat seeds at
different times of maturation (days 7, 10, 15, 20, 25, 30, and 35) were separated by means of SDS-PAGE and
stained with Coomassie blue (A), blotted onto nitrocellulose, and tested with a-purothionin-specific rabbit
antibodies (B) or the corresponding preimmune serum (C).



J ALLERGY CLIN IMMUNOL LETTER TO THE EDITOR 3.e2
VOLUME mmm, NUMBER =m

Wheat Rye Barley

130 =g 130 =
100 = ]88— 100 =
5z i iz
55 = 55 =
35 —
35 — oo —
25 =
15 =
10 =
10 =
kDa kDa

FIG E2. Detection of a-purothionin-related proteins in rye and barley.
Nitrocellulose-blotted wheat, rye, and barley seed extracts were tested with
a-purothionin—specific rabbit antibodies (lanes I) or with the corresponding
preimmune serum (lanes P). Molecular weights are indicated at left in
kilodaltons.



3.e3 LETTER TO THE EDITOR

Rolls
Inside

P
130
100=

70—

55—

35—

25—

15—
KBy~

130=
100—
70—
55—

35—
25—

15=
10=
kDa

Rolls
Crust

P 1

130—
100=
70=

10=
kDa

Brown bread

nside

P 1

Brown bread

130-
100—
70—
55—
35—
25—
15—

10—
kDa

Crust

P 1

Rye bread
Inside

kDa

J ALLERGY CLIN IMMUNOL
mmm 2013

Rye bread  Gluten-free bread

Crust
P 1

P I
: 128

] ¥

35 35

25 25

15 15

10 10
kDa kDa

FIG E3. Detection of a-purothionin in different types of bread. Nitrocellulose-blotted extracts from rolls,
brown bread, and rye bread (inside; crust), as well as gluten-free bread, were incubated with a-purothionin-
specific rabbit antibodies (lanes I) or the corresponding preimmune serum (lanes P). Molecular weights are

indicated at left in kilodaltons.



TABLE E1. Demographic, clinical, and serologic characterization of patients with wheat food allergy with IgE reactivity to a-purothionin

Wheat SPT, Release (%)

Release (%)

Patient Age Wheat-induced Wheat-induced Total Wheat-specific Wheat mean wheal IgE sensitizations Other IgE WSE rTri a 37 Reactions

no. (y) Sex symptoms anaphylaxis IgE (kU/L) IgE (kUA/L) challenge diameter (mm) to other food sensitizations (1000 ng/mL) (100 ng/mL) after

1 12 F AS, GIS, SS Yes 562 68.8 Not done 4 No No 19.14 5.44 Wheat-containing
products

2 41 F AS, GIS Yes 252 180 Not done Positive r ¢, hdm 15.13 7 Wheat-containing
products

3 19 M AS, GIS, SS Yes 653 339 Not done Positive e, n,r b, gp 21.11 5.63 Wheat-containing
products

4 9 M IM No 5031 >100 Open (positive) 5 ba,e, o, 1 gp 18.19 8.15 Open challenge
(age 6 y;
symptoms: IM)

5 20 M IM No 437 85.7 Open (positive) 7 ba, co, e, 0,1, S b, gp ND ND Open challenge
(age 17 y;
symptoms: IM)

6 5 F SS No 306 4 Open (positive) 5 ba, bu, co,e, m, 0, 1, 8 No 11.42 3.74 Open challenge
(age 2 y;
symptoms: SS)

7 6 F SS No 1429 709 Open (positive) 8 e,mr,s No 15.18 5.39 Open challenge
(age 4 y;
symptoms: SS)

8 5 M SS No 7559 452 Open (positive) 6 ba, bu, co, e, m, s, b, gp 19.58 16.13 Open challenge
(age 3 y;
symptoms: SS)

9 6 M SS No 514 >100 Open (positive) 8 ba,e, m, o, r No 16.2 5.78 Open challenge
(age 4 y;
symptoms: SS)

10 14 M AS,SS Yes 636 >200 Open (positive) 8 e No ND ND Open challenge
(age 11 y;
symptoms: AS, SS)

11 3 M GIS, SS Yes 165 11.7 Not done 8 No No 4.49 4.98 Pasta soup, baby
cereals

12 3 M AS,SS Yes 349 8.09 Not done 4 e No 5.01 3.64 Pasta

13 3 F SS No 795 165 Not done 7.5 e No 19.55 6.83 Pasta

14 5 M AS,SS Yes 2723 695 Not done 7 No No 20.63 4.46 Bread

15 12 F AS, SS Yes 4539 1491 Open (positive) 11 No No 19.73 4.28 Open challenge
(age 11 y;
symptoms: severe
anaphylaxis)

16 10 M AS, GIS Yes 802 456 Not done 7 cm No ND ND Cereals

=m YIgANN ‘=mm JANNTOA
JONNWIAILNITD ADHITTIV T

Positive release is defined as greater than 5%.

AS, Airway symptoms; b, birch; ba, barley; bu, buckwheat; c, cat; cm, cow’s milk; co, corn; e, hen’s egg; F, female; GIS, gastrointestinal symptoms; gp, grass pollen; hdm, house dust mite; IM, itching of mouth; kU,/L, kilounits of antigen

per liter; M, male; m, millet; n, nut (hazelnut); ND, not done; o, oat; r, rye; s, soy; SPT, skin prick test; SS, skin symptoms; WSE, wheat seed extract.
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